There is recent evidence that insulin resistance, is responsible for increasing the risk of developing cognitive dysfunction just like it does increase the risk for metabolic syndrome and type II diabetes mellitus (DM). 6) Ever since, the long assumed coexistence of both disorders (DM and AD) with aging is no longer considered a co-incidence, it is rather a pathologically related cascade.
7-8)
One striking similarity are from the brains of AD patients which are very similar to those found in brains of DM; reduced insulin levels, decreased insulin receptor expression as well as insulin resistance.
9) Furthermore, the pathology seen in brains of AD patients is greatly similar to those with type II DM that sometimes AD is thought of as "type III DM".
10-11)
This puts anti-diabetic agents under investigation as a new option for treating or halting progression of AD.
12)
Insulin plays an important role in the central nervous system (CNS). Insulin receptors are densely located within the hippocampus, medial temporal lobes (entorhinal cortex) and in the frontal lobes. 13) They are mainly located within synapses where insulin plays a pivotal role in synaptic regulation and synaptogenesis.
13)
Not to mention its role in regulating glucose consumption, growth, differentiation and survival of brain tissue in the hippocampus and other brain regions that is to say, insulin deficiency or abnormalities in insulin signaling in the CNS, have significant influence on memory and other brain cognitive function, which in turn accelerates development of AD and cognitive dysfunction.
14)
Insulin regulates the toxic accumulation of beta-amyloid proteins in brain tissue, especially in synapses and protects against their synaptotoxic effects. 15) Insulin also reduces plasma levels of beta-amyloid proteins which is found elevated in early stages of AD. The mechanism by which insulin does this is thought to be through its effect on corticosteroids which in turn affect amyloid-β protein precursor (AβPP) and AβPP enzyme.
16)
Therefore, keeping insulin levels in the CNS within normal range is of potentially favorable outcomes for patients with AD, however, its systematic administration for that purpose would raise its levels peripherally, that is not preferred as it might cause life threatening bouts of hypoglycemia.
17)
Hence, the use of intranasal insulin is now under investigations to prove its efficiency of normalizing cerebral spinal fluid (CSF) insulin levels without affecting plasma insulin levels.
18) This study systematically meta-analyzed using 7 RCTs of previous works on the use of intranasal insulin as a treatment option that prevents deterioration of cognitive function in AD.
METHODS

Literature search, selection of studies, data extraction
Studies were retrieved by electronic search of the literature databases and manual search of the key systematic reviews. The search was conducted using Pubmed, Medline (from 1997), Embase and Cochrane Library. The search terms included; "Alzheimer's disease" or "Alzheimer's" or "mild cognitive impairment" or "cognitive impairment" or "cognition" or "memory" and "intranasal insulin" or "nasal insulin". Standard definitions of these terms as per the Medical Subheadings (MeSH) was used. Records of studies measuring the influence of intranasal insulin on cognitive function in patients with Alzheimer's disease or mild cognitive impairment (MCI) comparing it with placebo were selected. The titles and abstracts were screened for eligibility. After that, full texts of the selected articles were obtained and reviewed. Finally, the selected articles were included if they were in English, employed a randomized controlled design, used intranasal/nasal insulin as an intervention and measured the cognitive function. Study, patient, intervention, and outcome characteristics for each study was extracted in an excel sheet.
Risk of bias assessment
Cochrane tool was used for risk of bias assessment in the included studies. 19) Based on the information provided in the papers, scoring is done for six domains that could introduce the bias in a clinical study. The studies are labeled as either at low, high or at unclear risk of bias. The risk of bias assessment was independently done by two reviewers, and any disagreements were resolved by a third reviewer.
Meta-analysis of the outcomes
The primary measure assessed by meta-analysis was change in cognitive performance in test and control subjects. This was done by calculation of the standardized mean difference in the cognitive assays. Standardized mean difference was used as the studies used different types of tests for measuring cognitive performances.
Publication bias was visualized through funnel plots and quantified with Duval and Tweedie's trim and fill test. 20) This nonparametric test estimates the possible number of missing studies and quantifies the effect these studies could theoretically have on the effect size.
A qualitative estimate of statistical heterogeneity between studies was assessed using Cochrane Q. For the chi 2 test, a P value of <0.05 was considered statistically significant. In the presence of significant heterogeneity, I 2 statistic was used to quantify the level of heterogeneity. I 2 was interpreted based on
Higgins and Thompson criteria, were 25%, 50%, and 75% corresponds respectively to low, medium, and high heterogeneity.
21)
Statistical heterogeneity, Forest plot, publication bias, and sensitivity analysis were conducted with Comprehensive Meta-analysis (CMA, Version 2). In case of significant heterogeneity, Random effect model was used and in case of insignificant heterogeneity fixed effect model was used.
A subgroup analysis was conducted to reveal the differences in the outcome between genders, dose of insulin and status of apolipoprotein E allele 4 (ApoE ε4) genetic variant.
RESULTS
Search results
Our search retrieved 1780 unique articles (Figure 1 ). Following the abstract screening, 139 articles were excluded because of duplication and 1623 were excluded because of irrelevance. After that, 18 titles were eligible for full-text screening after. Finally, seven RCTs with a total of 360 patients were found to be eligible for the final analysis (PRISMA flow diagram). Of these 360 patients, 214 were found to have MCI and 146 were diagnosed with early AD.
Study, patient, and intervention characteristics 
28)
Risks of bias
The studies were scored for 7 components of the Cochrane risk of bias tool. Overall, the studies were considered as at low risk of bias.
Random sequence generation
All the other studies provided details of the randomization and were labeled as at low risk of randomization bias.
Concealment of allocation
Two studies were at risk of allocation concealment and five studies did not provide sufficient details for grading.
Blinding bias
Five studies blinded the participants. One study did not blind the participants and one study provided insufficient details on participant blinding. Three studies blinded the researchers involved in conducting the trial. Two studies did not blind the study personnel. Two studies did not provide sufficient details and were labeled as at unclear risk of bias.
Selective reporting and partial outcome data Except Reger et al, 2008a, all studies provided sufficient details about the follow up and conducted all the analyses that were planned at the beginning of the trial.
Other sources of bias
We could not detect any other sources of bias in any of the studies.
Outcome characteristics
Outcomes of the intervention are presented in Table 2 .
Effects of the intervention, meta-analysis
Combined effect size The studies showed a statistically significant level of heterogeneity between studies (Cochran Q=20.64; I2=70.93; P=0.002). Hence, a random effects meta-analysis model was used to calculate the total effect size for the change in cognitive function after therapy. Based on the 7 included studies, the standard difference in mean was 0.109, indicating that the treatment had a positive influence in improving the cognitive function in treated patients as compared to the control subjects (Figure 2 ). However, it must be noted that this Table 2 . Summary of the outcomes of the intervention in the included studies.
Study name Outcomes Conclusion
Reger et al, 2006
Patients who are memory impaired, ApoE ε4 negative and treated with either dose of intranasal insulin, showed a noteworthy improvement in the story recall test. Also, there was an improvement in the selective reminding word list task only for patients who are ApoE ε4 negative and were treated with 40IU insulin. There were only two side effects; nosebleed and nose soreness Intranasal insulin is safe and effective in improving memory, larger trails are warranted to further agree with the results.
There was an improvement in the immediate story recall for patients with memory problems and who are ApoE ε4 negative, as for the delayed recall ApoE ε4 positive patients showed a declined performance, same for the list learning test. There was no effect for the other tests used.
Intranasal insulin administration can improve memory for aMCI or AD patients who are APOE-ε4 negative, note to mission further studies with larger sample size are warranted to agree with these results.
Patients treated with intranasal insulin showed an improvement in memory saving, in the voice onset time for the discordant trails and, also a functional improvement as measured by the DSRS than did the placebo treated patients. There were no serious side effects.
Intranasal insulin is shown to be effective and safe, larger trails are warranted to further agree with results.
Craft et al, 2012
There was an improvement in the delayed story recall for patients receiving the 20IU of intranasal insulin and the DSRS score was preserved for patients taken both doses of intranasal insulin, same as for the ADAS-cog (preserved cognition) and preserved function as measured by ADCS-ADL for AD patients. Patients who were given 20IU intranasal insulin glulisine showed no improvement in memory, learning and on any of the other tests used.
Intranasal insulin gluisine was uneffective in improving memory for AD patients, who are ApoE ε4 carriers.
Claxton et al, 2015
Patients taking the 40IU of intranasal insulin and who are ApoE ε4 carriers, showed a significant improvement in verbal memory. And there was a significant improvement in the working memory tasks measured by Dot Counting N-back and BVRT for patients who were also taking 40IU insulin wither they were carries of ApoE ε4 or not.
No treatment related severe adverse events, only minor events like, dizziness or mild rhinitis.
40IU intranasal insulin detemir is shown to be effective in memory impaired patients who are ApoE ε4 carriers.
difference was not statistically significant (95% CI -0.04 to 0.26; P=0.14). Visual inspection of the funnel plot showed that the studies were not plotted uniformly on the plot. This could be due to existence of the publication bias. Duval and Tweedie's trim and fill test was used to assess and adjust for the publication bias statistically. The combined effect size remained unchanged after performing the trim and fill test, indicating that the publication bias is statistically absent.
Subgroup analysis by dose
Two meta-analysis models were constructed one each for 20 IU and 40 IU (Figure 3) . For both the doses, the heterogeneity between studies was not statistically significant. Cochran Q for 20 IU was 36.91 (df=40; I2=0.00; P=0.61). Cochran Q for 40 IU was 24.26 (df=34; I2=0.00; P=0.89). Hence, fixed effect models were used for both the doses. Based on 41 data points, the standard difference in mean at 20 IU was 0.14, indicating that the patients experienced improved cognitive function at this dose. Further, this effect was statistically significant (95% CI 0.05 to 0.24; P=0.004). However, based on 35 data points, at 40 IU this improvement was not seen as there was almost no difference between the controls and treated patients (SMD= -0.01; 95% CI -0.11 to 0.09; P=0.82).
Subgroup analysis by gender
Two meta-analysis models were constructed one each for males and females (Figure 4) . For both the genders, the heterogeneity between studies was not statistically significant. Cochran Q for studies on females was 1.94 (df=5; I 2 =0.00; P=0.86). Cochran Q for studies on males was 3.04 (df=5; I 2 =0.00; P=0.69). Hence, fixed effect models were used for both the genders. Based on 6 data points, the standard difference in mean for female patients was 0.12, indicating that the female patients experienced improved cognitive function with treatment as compared to the female patients in control groups. This effect was not statistically significant (95% CI -0.18 to 0.42; P=0.433). Similarly, based on 6 data points, male patients also did not register cognitive improvements as compared to their control counterparts (SMD= 0.07; 95% CI -0.19 to 0.33; P=0.59).
Subgroup analysis by APOE ε4 status
Two meta-analysis models were constructed one each for subjects' positive for ApoE ε4 and for subjects negative for ApoE ε4 ( Figure 5 ). For both the models, the heterogeneity between studies was not statistically significant. Cochran Q for studies on ApoE ε4 negative patients was 6.80 (df=13; I 2 =0.00; P=0.91). Cochran Q for studies on ApoE ε4 positive patients was 4.44 (df=13; I 2 =0.00; P=0.99). Hence, fixed effect models were used for both the analysis. Based on 14 data points, the standard difference in mean for ApoE ε4 negative patients was 0.09, indicating that the ApoE ε4 negative patients experienced a slight improved cognitive function with treatment as compared to the ApoE ε4 negative patients in control groups. This effect was not statistically significant (95% CI -0.12 to 0.29; P=0.41). However, based on 14 data points, ApoE ε4 positive patients showed a significant decline in cognitive function as compared to ApoE ε4 positive patients in control group (SMD= -0.213; 95% CI -0.38 to -0.04; P=0.015).
Safety outcomes
Intranasal insulin was well tolerated (safe), without reporting of serious adverse events in the reviewed studies. 
DISCUSSION
Major findings
The concept of using intranasal insulin in prevention of progression and sometimes treatment of AD and MCI emerged from the pool of pathological studies which confirmed histopathologic similarities in brains of patients with type II DM and those with AD and MCI .
29) This includes; low CSF and brain insulin levels, decrease in number of insulin receptors and development of insulin resistance similar to those with metabolic syndrome. Even with the potential benefits of intranasal insulin and with reporting of minor side effects; the body of RCTs available so far is not enough to help clinicians start a new protocol using intranasal insulin instead of the many other neuro-modulators used as the main protocol for the past decades.
Studies which compared results of primary outcomes between intranasal insulin and placebo showed noticeable improvement in memory and other brain cognitive function in the group treated by intranasal insulin. Other studies confirmed the modulation of intranasal insulin affected by ApoE ε4. ApoE ε4 is known risk factor for AD. It was shown in two studies 23), 26) , that AD patients who are not carriers of this genetic variant benefited more from the intranasal insulin treatment. Similarly, in my subgroup analysis from 7 RCTs, the results showed better outcomes in APOE-ε4 negative patients especially if they had impaired memory before start of treatment. Both genders receiving different dose of intranasal insulin (either 20 IU or 40 IU) responded differently to the treatment with variable results in the outcomes measured by different scales. Results favored the use of 20 IU; as indicated in the study done by Craft et al, 2012 25) ; which indicated an improvement in delayed story recall with the administration of 20 IU of intranasal insulin. Note to mention that memory facilitation is generally peaked at this dose 23) which showed similar results with my study. Unfortunately, studies didn't find significant influence of the gender on the results of the outcome. As shown in the results section; females showed an improved cognitive function, however it was not significant, this improvement in cognition in females may be due to cortisol, which is higher in females than males and it may interact with insulin to influence cognition. 30) However, this is still an inconclusive evidence, and the existing literature does not support that females may benefit more than males when treated with intranasal insulin and more studies are comparing both genders may be needed.
Quality of the findings
This meta-analysis brought very promising evidence in support of intranasal insulin in enhancing cognitive function in AD patients, the specific set if not all. Despite short listing of only 7 studies which could qualify the strict inclusion criteria. Other studies were excluded due to various reasons like nonrandomized study design, different objectives, and lack of complete data.
It is further promising that the overall risk of bias was low.
Biases in this review
Strict inclusion and exclusion criteria which excluded nonEnglish and unpublished work may raise the possibility of reviewer bias. the Cochrane tool was used to assess the risk of bias in the included studies; all the studies provided details of randomization, and therefore were labeled as low risk of bias, however, for allocation concealment 5 studies did not provide detailed information, and thus marked as unclear risk and 2 studies [24] [25] were at high risk of allocation concealment. For the blinding of outcome assessment; 2 studies 24), 26) did not provide detailed information of the blinding, and 2 studies [22] [23] did not blind the personnel involved in their study. In overall the 7 RCTs included in my analysis were at low risk of bias.
Where our work stands?
At the time we started this project, no meta-analysis was available in the literature to assess influence of intranasal insulin on brain cognition and memory. Hence our work was conducted to combine the effect size of all the selected RCTs which studied its efficacy, side effects, modulation by age, gender and other genetic variants (Apo E allele), to take the available evidence in the literature a further step in the of evidence-based medicine.
Our review yielded favorable outcomes of memory and brain cognition upon use of intranasal insulin in specific set of AD patients. However, it must be noted that the small number of participants used in each study means that we are still far from extrapolation of these results to the clinical practice. Further, there is a strong possibility of variation in response with the different factors like dose, gender and genetic status which needs further detailed investigations.
